CSI30 Fall 2021 HW 3 Solutions to HW problems
Section 1.4

1.4.1: Proving tautologies and contradictions.
Show whether each logical expression is a tautology, contradiction or neither.

(d)
P-aVp
Tautology. Every truth value in the column for (p - q) V pis T.
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(e)
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Contradiction. Every truth value in the column for (-p V q) « (p A =q) is F.
Pq(pVva«~(@A-q)
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(-pV Q@ - (-pAQ)

Neither. f p=Fandq=T,then (-p V q) « (-p A q)istrue. If p=Tand q=T, then (-p V q) - (-p
A q) is false.



1.4.2 Truth tables to prove logical equivalence.
Use truth tables to show that the following pairs of expressions are logically equivalent.

(©)
-p - qgandp V q

PqQpP-qpV(q

TTT T
TFT T
FTT T
FFF F

The columns for -p — qand p V q are the same.

1.4.3: Proving two logical expressions are not logically equivalent.
Prove that the following pairs of expressions are not logically equivalent.

(0)
Pp-qPAT->qgand(pAr) (g

Whenp=T,r=F,andq=F (orwhenp=F,r=T,andq=F), then(p A1) - qistrueand (p - q) A
(r - q)is false.

(d)

pA( -~ qgandp Vg

Whenp=Tandq=F (orwhenp=Fandq=T),thenp A (p - q)is falseand p V qis true.

1.4.4: Proving whether two logical expressions are equivalent.
Determine whether the following pairs of expressions are logically equivalent. Prove your answer.
If the pair is logically equivalent, then use a truth table to prove your answer.

(d)
pA( -~ gandp Agq

Logically equivalent. The columns for p A (p — q) and p A q are the same.

pPapA(P-qQPAQ

TTT T
TFF F
FTF F
FFF F



Section 1.5

1.5.1: Label the steps in a proof of logical equivalence.

Below are several proofs showing that two logical expressions are logically equivalent. Label the
steps in each proof with the law used to obtain each proposition from the previous proposition.
The first line in the proof does not have a label.

(0)

rV (or - p)
rVv (—rVp)
rv(rvop)
rvrVvp
rvp

rVv (-r - p)

r vV (--r Vv p) Conditional identity
rV (rvp) Double negation law
(rvr)Vvp Associative law
rvp Idempotent law

1.5.2: Using the laws of logic to prove logical equivalence.
Use the laws of propositional logic to prove the following:

(e)

P-DVvV(@-1D=(PAQ~r

P-1V(@Q-r1

(-p V1)V (q - r) Conditional identity
(-p V1)V (=q V r) Conditional identity
-p V (rV (-q V r)) Associative law

-p V ((rV ~q) Vr) Associative law

-p V ((-q V r) V r) Commutative law
-p V(~q V (r V r)) Associative law

-p VvV (=q V) Idempotent law
(-pV-q) Vr Associative law
“(pAQ VT De Morgan's law

PpAQ -T Conditional identity



(H
PV (PAQ)=-pA—q

~(pV (=p A Q)
(=p A =(=p A q)) De Morgan's law
(=p A (==p V =q))  De Morgan's law

(-pA(pV —q) Double negation law
(=p A p) V (-p A —q) Distributive law
FV (=p A -q) Complement law
pA—q Identity law

(8)

PAQA-T)V(PA-QA-T)=pA-T

PAQA-T)V(pPA-qA -T)

PA-TA q@QV(pPA-QA T) Commutative law
PA-TA Q@QV((PA TA-Q) Commutative law
((pA-1)A @V ((pA 1) A—q) Associative law

(pA-1)A(QV Q) Distributive law
PpA-TAT Complement law
p AT Identity law

()

Ppo(pPAT)=E-pVT

pe-(AT)

P-(PEAD)A((pAT) - p) Conditional identity
(p-(@PATD)A(C((AT) VP Conditional identity
(p-(@PAD)A(-pV 1)V p) DeMorgan's law

(p - (PAT))A(-rV -p)Vp Commutative law
(p - (@A) ATV (—-pVp)) Associative law

P-(PA))A(TVT Complement law
P-(PA))AT Domination law
p-> (AT Identity law
-pV(pAT) Conditional identity
(-pVpP)A(-pVr) Distributive law
TA(EpPpVY) Complement law

“pVr Identity law



1.5.3: Using the laws of logic to prove tautologies.
Use the laws of propositional logic to prove that each statement is a tautology.

(©)

Prove that -r V (-r - p)=T.

“rV (r - p)

-r V (=-r V p) Conditional identity
-rV (r v p) Double negation law
(-rvr)Vvp Associative law
TVp Complement law

T Domination law



